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[57] ABSTRACT

A pressure sensor comprising an air-tight container,
enclosing water vapor therein, which elastically de-
forms depending upon a variation 1n the external pres-
sure to result in a variation in the content volume
thereof, a moisture sensor disposed within the con-
tainer, and a moisture detector which electrically de-
tects a variation in the amount of moisture to be ab-
sorbed by the moisture sensor depending upon the inter-
nal partial pressure of the water in the container due to
the elastic deformation of the container.

9 Claims, 3 Drawing Figures
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1
PRESSURE SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a pressure sensor which
detects a variation in the pressure in an atmosphere
and/or liquid by the indication of an electrical output
signal.

2. Description of the Prior Art

The measurement of pressure in an atmosphere or

liquid has been carried out by mechanical variations of
Bourdon’s tubes, bellows, diaphragms, etc., which are
popular therefor since they are inexpensive and not
troublesome. However, the development of pressure
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sensors, which will be able to be adapted to an ad-

vanced electronic technology, thereby allowing for the
measurement of a variation in the external pressure by
the indication of an electrical output signal, 1s most
desirable. Such pressure sensors can be connected to a
data processing system, thereby attaining automatic
measurement of pressure and automatic control of the
sensors. Moreover, the use of an electrical output signal
for the measurement of a pressure variation allows not
only extremely precise detection of the pressure varia-
tion, but also rapid response. It also allows for the min-
iaturization of the size and the weight of the pressure
sensors. Thus, a variety of pressure sensors have been
developed, examples of which are as follows:

(1) A pressure sensor, which is composed of a metal
diaphragm having a strain gauge of a metal foil, can
detect a variation in the external pressure by the defor-
mation of the diaphragm due to a variation in the pres-
sure causing a strain of the metal foil resulting in a varia-
tion in the electrical resistance of the metal foil. This
sensor in inferior in that it is less pressure-sensitive and
can not be manufactured with a miniaturized size and

weight, although it is superior in that it can be used

under a high pressure and it has an excellent tempera-
ture characteristic which is stable for a long pernod.

(2) A Si diaphragm-type pressure sensor can detect a
variation in the external pressure by the piezoresistance
effect which results from a variation in the specific
resistance of a Si crystal due to the application of pres-
sure to the Si crystal. Although this sensor has advan-
tages in that, since silicon is used as an element therefor,
semiconductor technology can be applied thereto
which allows mass production thereof and an incorpo-
ration with external circuits required therefor, the sensi-
tivity depends greatly upon temperature and thus a
circuit for the compensation of temperature 1s essential
thereto. Although a pressure sensor incorporating both
a temperature-compensating circuit and a Si dia-
phragmtype sensor onto the same Si-substrate has been
proposed, it is expensive and, moreover, liable to break-
age because of a lack of mechanical strength of the Si
diaphragm.

(3) A presure sensor, containing piezoelectric ele-
ments made of polyvinylidenefluoride, zinc oxides, etc.,
therein, can detect a variation in the external pressure

by the piezoelectric effect, which results from a strain of

the piezoelectric elements due to the pressure to
thereby produce an electromotive force. Although this
sensor is excellent in that it can be small, lightweight
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and produce a high output power, it is greatly influ- 65

enced by noise due to external vibrations.
(4) A pressure sensor using a quartz oscillator can
detect a variation in the external pressure by utilizing a
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linear relationship between the oscillation frequency of
the quartz and the pressure variation to be measured.
This sensor is expensive and cannot be manufactured
with a miniaturized size and weight.

(5) Other pressure sensors which detect a variation in
the external pressure by a variation in the electrical
capacitance based on a displacement of the diaphragm
therein due to a variation in the pressure have been
developed. These sensors are expensive and cannot be
manufactured with a miniaturized size and weight.

(6) Other pressure sensors which detect a variation in
the external pressure by a variation in the inductance
based on the magnetiostrictive effect, which results
from a stress of the magnet therein due to the pressure
have been developed. These sensors are also expensive
and cannot be manufactured with a miniaturized size
and weight.

As mentioned above, pressure sensors which have
been already developed are either inferior in character-
istics or expensive, so that they cannot be put in practi-
cal use.

SUMMARY OF THE INVENTION

The pressure sensor of this invention which over-
comes the above-discussed and numerous other disad-
vantages and deficiencies of the prior art, comprises an
air-tight container, enclosing water vapor therein,

‘which elastically deforms depending upon a variation 1n

the external pressure to result in a variation in the con-
tent volume thereof, a moisture sensor disposed within
said container, and a moisture detector which electri-
cally detects a variation in the amount of moisture ab-
sorbed by said moisture sensor depending upon the
internal partial pressure of water of said container due
to the elastical deformation of said container.

At least a part of said air-tight container is, in a pre-
ferred embodiment, made of an elastic substance.

The air-tight container is, in a preferred embodiment,
of a cylindrical shape, the top of which is made of an
elastic substance. | |

The air-tight container is, in a preferred further em-

bodiment, a bellows made of an elastic substance.
- The moisture sensor is, in a preferred embodiment, a
resistance-variation type moisture sensor, a capaci-
tance-variation type moisture sensor or a ceramic mois-
ture sensor.

The moisture sensor comprises, in a preferred em-
bodiment, an insulating substrate, a moisture sensitive
film formed on the substrate, a pair of combshaped
electrodes formed on or under the moisture sensitive

" film, and lead wires, one end of each of which is con-

nected to the comb-shaped electrodes and the other of
each of which is connected to said moisture detector by
connection terminals.

Thus, the invention described herein makes possibie
the objects of (1) providing a novel and useful pressure
sensor in which a moisture sensor is utilized as a pres-
sure detector thereby allowing simplification of the
structure, resulting in the reduction of the production
cost; and (2) providing a novel and useful pressure sen-
sor in which an air-tight container attaining an elastic
deformation depending upon a variation in the external
pressure and a moisture sensor having electrical charac-
teristics which vary depending upon the amount of
water vapor absorbed thereby, are integrated into one
body, so that it has a high pressure sensitivity and 1s



4,682,502

3

mechanically strong. Moreover it can be manufactured
to have the desired structure and characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and 1ts nu-
merous objects and advantages will become apparent to
those skilled in the art by reference to the accompany-
ing drawings as follows:

FIG. 1 is a diagrammatical perspective view showing
a pressure sensor of this invention.

FIGS. 2(A) and 2(B), respectively, are characteristic
curves showing the wave shape of an operation signal
and the variation in resistance of the pressure sensor
shown in FIG. 1.

FI1G. 3 is a diagrammatical front view showing an-
other pressure sensor of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The pressure sensor of this invention comprises an
air-tight container enclosing water vapor therein, a
moisture sensor disposed within the container and a
moisture detector electrically detecting a variation in
the amount of moisture absorbed by the moisture sensor
depending upon the internal partial pressure of water
the vapor in the container due to the elastic deformation
of the container resulting from a variation in the exter-
nal pressure. The container is at least partially made of

~an elastic substance which elastically deforms, due to a

variation in the external pressure, resulting in a varia-
tion in the pressure of the water vapor enclosed 1n the
container. Since the moisture sensor in the container has
electrical characteristics (e.g., impedance, etc.), which
vary depending upon the amount of water absorbed
thereby, and the process of the water-absorption by the
moisture sensor depending upon a variation in the pres-
sure of the water vapor within the contatner 1s revers-
ible, the variation in the amount of water to be absorbed
by the moisture sensor can be exhibited as a variation in
the electrical characteristics.

EXAMPLE 1

FIG. 1 shows a pressure sensor according to this
invention, which comprises an air-tight container 10
and a moisture sensor 2 disposed within the container
10. The air-tight container 10 comprises a TO-8 stem 1,
a cylindrical cap 5 disposed on the stem 1 to form an
air-tight system therebetween, and an elastically de-
formable cover 4 made of a natural rubber, etc., which
- constitutes the top of the cylindrical cap 5. The mois-
ture sensor 2 comprises an insulating substrate 21 made
of alumina, etc., a moisture sensitive film 22 of a polye-
lectrolyte, such as sodium styrenesulfonate, etc., formed
on the substrate, 21 and a pair of comb-shaped elec-
trodes 23 formed on the moisture sensitive film 22. The
comb-shaped electrodes 23 can be formed between the
substrate 21 and the moisture sensitive film 22. Lead
wires 31, which are bound to the pair of electrodes 23,
respectively, are connected to a moisture detector (not
shown) by connection terminals 3 and 3 which extend
from the stem 1 to the outside.

The cap 5 is air-tightly placed on the stem 1 1n an
atmosphere of a relative humidity of 50% RH, resulting
in an air-tight container 10 which encloses water vapor
therein. The deformable cover 4 is made of an elastic
substance having a 10 w gaseous permeability and an
excellent flexibility, so that diffusion and/or permeation
of gas neither from the inside to the outside nor from the
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outside to the inside of the airtight container 10 can
arise, and thus the state where a certain amount of water
vapor is enclosed in the container 10 and can be main-
tained. When the air-tight container enclosing a certain
amount of water vapor therein is allowed to stand in an
atmosphere or liquid, the cover 4 deforms in the direc-
tion of the outside or the inside of the air-tight container
depending upon the atmospheric pressure or liquid
pressure, resulting in a variation in the pressure of the
water-vapor in the air-tight container, and thus the
amount of water to be absorbed by the moisture sensor
2 in the air-tight container 10 varies. This results 1n a
variation in the electrical characteristics of the moisture
sensor 2, which is detected by a motsture detector (not
shown) connected to the moisture sensor 2 by the con-
nection terminals 3 and 3 to thereby determine the ex-
ternal pressure of an atmosphere or liquid surrounding
the pressure sensor.

The electrical resistance of the moisture sensor 2 of
the pressure sensor having the above-mentioned struc-
ture was measured using the sine wave of an AC fre-
quency of 1 KHz, the results of which is shown 1n
FIGS. 2(A) and 2(B) indicating that when the pressure

sensor was allowed to stand in an atmospheric pressure

of 1.0 atm, the electrical resistance of the moisture sen-
sor was 266 KQ and when it was allowed to stand 1n a
positive pressure of 1.25 atm, the electrical resistance
was reduced to 165 K}, that is, the electrical resistance
of the moisture sensor decreases from 266 to 165 K2
(i.e., by as much as approximately 100 K(2) as the pres-
sure increases from 1.0 to 1.25 atm (i.e., by as small as
0.25 atm), and that contrary to the abovementioned, the
electrical resistance increased when the pressure sensor

was left in a negative pressure.

EXAMPLE 2

FIG. 3 shows another pressure sensor according this
invention, wherein the cap 5’ is composed of a bellows-
shaped elastic cylinder made of polyethylene, nylon,
plastics, etc., which elastically deforms in the direction
of the arrows (shown in FIG. 3) due to the external
pressure, resulting in a variation in the content value of
the container. Since the air-tight contatner shown in
FIG. 3 is of a bellows type, the entire container under-
goes an elastic deformation by a pressure, so that the
amount of displacement of the content volume depend-
ing upon a variation in the external pressure can be set
to a large extent as compared with the air-tight con-
tainer shown 1 FIG. 1.

Each of the above-mentioned pressure sensors can be
also used as a detector for the determination of a re-
maining amount of solution by the detection of a pres-
sure of the solution in a water tank containing the pres-
sure sensor therein. Moreover, it can be incorporated
into a data processing system to form an auto-controll-
Ing Sensor.

The water vapor enclosed in the air-tight container 1s
influenced by temperature. When such an influence 1is
critical to the measurement of a pressure, a temperature-
compensating sensor can be used together with the
pressure sensor and the resulting difference in electrical
resistance therebetween is subtracted from the electrical
resistance of the pressure sensor to thereby determine
the external pressure level. A temperature-compensat-
ing sensor can be designed in the same manner as the
above-mentioned pressure sensor except that since the
air-tight container has no elastically deformable part, it
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does not undergo elastic deformation due to a variation
in the external pressure.

Although the moisture sensor 2 having a moisture
sensitive film made of polyelectrolyte, etc., 1s only de-
scribed in the above-mentioned examples, it is not lim- 2
ited thereto. Any moisture sensor, the electrical signal
of which varies depending upon a variation in the mois-
ture in an atmosphere can be used, other examples of
which are a capacitance-variation type moisture sensor,
a ceramic moisture sensor, etc. The shape of the air-
tight container is not limited to a cylindrical shape, but
a globular shape, a conical shape or other possible
shapes can be used.

It 1s understood that various other modifications will
be apparent to and can be readily made by those skilled 15
in the art without departing from the scope and spirit of
this invention. Accordingly, it is not intended that the
scope of the claims appended hereto be Iimited to the
description as set forth herein, but rather that the claims
be construed as encompassing all the features of patent-
able novelty which reside in the present invention, in-
cluding all features which would be treated as equiva-
lents thereof by those skilled in the art to which this
invention pertains.

What is claimed 1s:

1. A pressure sensor comprising an air-tight con-
tainer, having water vapor enclosed therein, which
elastically deforms depending upon a variation in the
external pressure to result in a variation in the content -,
volume thereof, said container including a rigid base
member and a further portion air-tightly connected to
said base member and being at least partially elastically
deformable in response {0 a variation of the external
pressure; a moisture sensor disposed within said further 35
portion of said container; and a moisture detector which
electrically detects a variation in the amount of mois-
ture to be absorbed by said moisture sensor depending
upon the internal partial pressure of water vapor in said
container due to the elastic deformation of said con- 40
tainer.

2. A pressure sensor according to claim 1, wherein at
least a part of said further portion of said air-tight con-
tainer is made of an elastic substance.

3. A pressure sensor according to claim 2, wherein 45
said further portion of said air-tight container has a
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cylindrical shape with a top closure which is made of an
elastic substance.

4. A pressure sensor according to claim 1, wherein
said further portion of said air-tight container 1s a bel-
lows made of an elastic substance.

5. A pressure sensor according to claim 1, wherein
said moisture sensor is a resistance-variation type mois-
fure sensor, a capacitance-variation type moisture sen-
SOIr Or & ceramic moisture Sensor.

6. A pressure sensor according to claim 1, wherein
said moisture sensor comprises an insulating substrate, a
moisture sensitive film formed on the substrate, a pair of
comb-shaped electrodes formed on or under the mois-
ture sensitive film, and lead wires, one end of each of
which is connected to the comb-shaped electrodes and
the other of each of which is connected to said moisture
detector by connection terminals.

7. A pressure sensor comprising in combination: an
air-tight container having water vapor contained
therein, said container having a rigid base member and
a further portion which is air-tightly connected to said
base member and forms a wall of said container, said
further portion being at least partially elastically de-
formable in response to a variation in the external pres-
sure to cause a variation in the volume of said container;
a moisture sensing element which is mounted on said
base member within said further portion of said con-
tainer and which has an electrical characteristic which
varies in response to the partial pressure of the water
vapor in said container; and a pair of electrical leads
connected to said moisture sensing element and extend-
ing through said rigid base member of said container for
connecting said moisture sensing element to an external
detecting circuit.

8. A pressure sensor according to claim 7 wherein:
said further portion of said container comprises a rigid
cylindrical member which is sealed at one end by a flat
cover portion formed of an elastically deformable mate-
rial; and the other end of said cylindrical member is
sealingly connected to said base member, which is like-
wise flat.

9. A pressure sensor according to claim 7 wherein
said further portion comprises an elastically deformable
bellows which is sealingly mounted on said base mem-

ber.
¥ 3§ ¥ ¥ ¥
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